Abstract. The Faraday effect has been investigated in various fields of study since 1845. In this paper, we provide a unified formulation of the effect for several media. In the classical case, the direction of propagation is parallel to the magnetic field. Here we generalize to any direction of propagation. When describing the state of wave polarization, we find it convenient to use the complex polarization ratio R plane. On the complex R plane, the change of polarization as the wave propagates follows a circle. The resulting polarization loci a,re illustrated for three different lossless media: a biaxial medium, a chiral medium, and a magnetoionic medium. Through the analysis of the patterns of these loci, we can visualize the generalized Faraday effect on the polarization state diagram and also gain some physical insights into these media in terms of their wave polarization characteristics.
Introduction
In 1845, M. Faraday discovered experimentally that when a linearly polarized light wave is incident on a medium ( such as a block of glass) with an externally applied longitudinal magnetic field, the plane of polarization of this light wave undergoes a rotation [Faraday, 1846] . This phenomenon has been called Poincar• sphere is three dimensional and is difficult to visualize for our purpose. To demonstrate the changing state of polarization as the wave propagates, it is easier to use the locus on the complex polarization ratio R plane, first used by Booker [1934] . Each 
V(k•,w) . • -0 (4)
Depending on the properties of •, the characteristic vectors may be orthonormalized in a certain manner.
This will be introduced later.
Consider a field propagating in some direction, say, the z direction. At some point, say, z -0, the field is given by E(0). This field is decomposed into a sum of two characteristic components, 2 -
The components transverse to k, that is, transverse to the z direction, are The ratio in (7) is generally complex; as shown in Figure 1 , each value on the complex R plane corresponds to one state of elliptical polarization with linear and circular polarizations as two special limiting cases. In our problem, the initial field E(0) is supposedly given. This is equivalent to knowing the initial polarization ratio (7). As this initial field E(0)
propagates a distance z, the field at z becomes 2 -
The 
Magnetoionic Media
A magnetoionic medium is a cold plasma permeated by a steady magnetic field B0. In the collisionless case, its relative dielectric dyad K with B0 par- Thus, in all cases, the center falls on the imaginary R axis.
To quantitatively illustrate the transformation of polarization as a wave of any initial polarization propagates, some numerical values must be chosen. In the parameter space, there exist two regions where both characteristic waves propagate in all directions [Yeh and Liu, 1972a] . In the first region, we have X < 1, y2 < 1, and X < 1-Y.
In this region, 
Summary and Conclusions
In this paper we have revisited an old problem, a problem first discovered experimentally by Faraday [1846] . This discovery was thought to be of great historical importance because it connected the areas between optics and magnetism, up to that time two entirely distinct areas of study, and also because of its strong support for the electromagnetic nature of light [Sommerfeld, 1954; Condon and Oclishaw, 1958] . In modern times, the Faraday effect continues to play an important role because of its applications. By measuring the Faraday rotation, it is possible to learn the electromagnetic characteristics of the propagating medium. The measurement of the Verdet constant is one example; the measurement of TEC in the ionosphere or the space plasma is another example. On the other hand, in engineering applications, we may desire one wave polarization while given with a different initial wave polarization. An anisotropic medium is usually used to achieve that purpose. What occurs in the anisotropic medium is, of course, the generalized Faraday effect. In recent years, there is great interest in making artificial electromagnetic media. This interest is reflected in the large collection of references given by Unrau [1997] . 
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